Using estimation-projection package (EPP) and spectrum, the model was developed based on different data sources. Four scenarios were introduced, including minimum and maximum estimations, plus most realistic scenario. In the fourth scenario (R2), data of studies with adequate quality were applied. The objective of the study is to estimate and project HIV/AIDS in Iran up to 2014. Based on the main scenario R2, the estimated prevalence of HIV infection among adults was 0.16% (0.08-1.03%) in 2009. It will slightly decrease to 0.15% (0.06-1.08%) in 2012. With respect to the number of infected people with HIV, the estimated number was 89,000 and 106,000 for 2009 and 2014 respectively. There were estimated to be approximately 7,000 new cases annually. The highest trend of HIV was estimated to be a shift from IDUs to FSWs, and the estimate is that new infected cases via unsafe sex will increase in the future, while over time, the trend with respect to transmission via unsafe injection will decrease. We expect the HIV epidemic in Iran to remain almost constant at concentrate level. However we believe that the pattern of transmission will change from that of unsafe injection to unsafe sexual contact.
INTRODUCTION
AIDS is an emerging disease which has become known as 'the plague of the century' (Tavoosi et al., 2003,) . Although HIV is on the downward trend in a number of countries, the general trend globally is upward (UNAIDS, 2008 (UNAIDS, , 2010 Nejat et al., 2006) , and it continues to challenge human communities with its health, social, economic, cultural, and political consequences.
According to a WHO report, the prevalence rate of HIV/AIDS in Iran has risen from low to concentrated (Center for Disease Control, 2008) . The prevalence in the overall population is below 1%; this rate, however, has surpassed 5% in some high-risk groups such as IDUs (Mojtahedzadeh et al., 2008; UNAIDS, 2004) .
For effective management and planning on the *Corresponding author. E-mail: maryamnasirian27@gmail.com. Tel: +98-913-2298038. Fax: +98-341-3205127. prevention and control of HIV, it is crucial to attend to the number of people living with HIV (PLHIV) and to identify prime high-risk groups. As well as focusing on the HIV/AIDS epidemic in the country and its longitudinal patterns of changes (Khalili, 2008; Husain et al., 2007; Gouws et al., 2006; Montazeri, 2005; Pisani et al., 2003) . Despite raised awareness of the HIV problem, many countries, including Iran, do not have a clear figure for HIV prevalence. This lack of information can be explained by the longevity of the incubation period of HIV infection before emergence of clinical symptoms and the iceberg features of this disease; concealing the disease due to social stigma; lack of public access to counselling, testing, and HIV/AIDS diagnosis services both in high-risk groups and the general public; underreporting, and/or no reporting; culminating in the identification of only a limited percentage of PLHIV. The limited availability of data in Iran is due partly to the fact that most studies on HIV have been carried out fairly recently. For example, the first bio-behavioural survey among FSWs was conducted in 2011. Additionally, a few studies have recently been carried out on TB and their results are not publicly available. With respect to the previous comment, prior to 2006, sources of data on HIV, including the prevalence and incidence of HIV, are scarce.
Modelling is a statistical method, which may prove useful in providing us with information that is not easily achievable.
Some programmes have been designed by WHO and UNAIDS for the modelling of HIV/AIDS and are simple and available. Estimation and Projection Package (EPP) has been recommended by the UNAIDS reference group and uses available data to estimate the trend of national adult HIV prevalence and incidence over time.
It is notable that National HIV epidemics are composed of multiple epidemics in different populations and hence epidemic curves can be developed separately for different populations in EPP and then combined to produce a single epidemic curve, which estimates HIV prevalence at a national level (WHO/UNAIDS, 2009).
Another programme, which has been recommended, is Spectrum. The prevalence and incidence estimates produced by EPP can be exported to Spectrum and used to develop further estimates of the impact of the HIV epidemic nationally (WHO/UNAIDS, 2009).
Needless to say, there is a crucial need to obtain information on HIV in the country, showing the increasing number of HIV cases on a daily basis. This type of information is vital for the planning, monitoring, and control of the disease. Hence, in this study, we aim to use EPP and spectrum models in Iran; one of the few countries in the Middle East and North Africa (MENA) to estimate and project HIV infection and its impacts on the community from 2009 to 2014, classified by subgroup.
METHODS
We used EPP 2009 Release 2 and Spectrum software in this study. EPP is a type of HIV modelling software, which estimates and projects HIV infections using information in each of the subgroups of the 15-49 year old population. Subgroups included in EPP are: intravenous drug users (IDUs), men who have sex with other men (MSMs), female sex workers (FSWs), and prisoners, all of whom were considered the MARPs (Most at Risk Populations), as well as low risk populations (all others excluding MARPs). If information exists only at two or three points in time for each group, EPP uses the linear interpolation method followed by the empirical Bayesian method, to fit the best epidemic curve and to estimate HIV infection individually for each different group. It then subsequently combines curves to produce a single epidemic curve, which estimates HIV prevalence at a national level (WHO/UNAIDS, 2009).
Spectrum is a general software package, one of the main components of which is an AIDS Impact Model (AIM). The advantage of Spectrum compared to EPP is the availability of increased and detailed demographical information and therefore the ability to estimate and project demographic, social, and other impacts of HIV epidemics. By exporting EPP outputs directly into Spectrum, the number of AIDS related deaths, the number needing ART (anti retrovirus treatment), and other information can be estimate and projected.
Software and instructions for their application can be found at http://www.unaids.org. The main parameters required by EPP were the prevalence of HIV infection in the general population and among MARPs in recent years, as well as the size of each subgroup.
To obtain accurate information for EPP parameters, as a first step, all published and unpublished literature was reviewed systematically.
Medline, Google Scholar, and local databases (Iranmedex, Irandoc, Magiran, and SID) were systematically searched by main keywords (HIV, AIDS, sexual contact, sex, drug use, drug injection, addiction, injecting drug addiction, prostitute, sex worker, street women, men who have sex with men, gay, and their Persian equivalents), and restricted to Iran. We also contacted Iranian medical universities, HIV related organizations, and key authorities and sought information from them. The CDC, other Governmental official reports between 1991 and 2009, and all national survey were also reviewed. Moreover, the references of all eligible studies were also checked to acquire further evidence.
After assessing the relativity and quality of searched papers by standardized forms, all extracted data were input separately in to an Excel spreadsheet, based on each subgroup.
For the next step, the validity and generalisation of findings and defining scenarios were assessed by an expert panel. This panel consisted of 12 experts from the Ministry of Health (CDC), National AIDS committee, and academic staff from the Regional Knowledge Hub for HIV/AIDS Surveillance in EMRO. To achieve this, abstracted parameters and statistics were made available to the expert panel.
Because of discrepancies within the data and disagreements between experts regarding some of the parameters and subsequently to create a more comprehensive perspective, four scenarios were defined as follows:
1. The minimum scenario (Min): optimistic input parameters and minimum size of MARPs to acquire minimum estimates. 2. The maximum scenario (Max): pessimistic input parameters and maximum size of MARPs to acquire maximum estimates. 3. The first realistic scenario (R1): This generates the most realistic estimations based on all available information regardless of their qualities. 4. The second (most) realistic scenario (R2): This is a modified version of R1 based on the most accurate available information. Consequently, we expect the results of models R1 and R2 to be more or less comparable.
In Min scenario, MARPs were considered to be injecting drug users (IDUs) and prisoners; while in the Max, R1 and R2 scenarios, female sex workers (FSWs) and men who have sex with men (MSMs) were also added to the list.
The best values for the input parameters of each scenario were selected by consensus during expert panel sessions (Appendix 1).
In addition, HIV+ prevalence among the general population (it is preferable to term this 'low risk population') was calculated based on HIV+ prevalence in donated blood, which was obtained from blood transfusion organizations.
The demographic information of Iran was imported into Spectrum based on the 2004 National Census (a census is conducted routinely every 10 years), obtained from the Iran Centre for Statistics.
RESULTS
Using EPP, the prevalence of HIV positive in Iran during 2010 (population approximately 74 million) was between 7.14 and 15.95 (per 10,000 population). Although there was some variation between estimations of scenarios, the number of HIV positive cases and new HIV infected cases annually, will increase with respect to all scenarios from 2010 to 2014 (Table 1) .
The main scenario was R2, which was based on the most valid data. Therefore its results were considered as the most important results of our study. Regarding the order of the presented scenarios, the main results of the scenarios were based on the order explained in the methods, to retain coherency between the methods and result.
The minimum scenario results
Based on the Minimum scenario, the prevalence of HIV infection among adults was estimated to be 0.09% (0.05-0.67%) in 2009 and will be 0.08% (0.03-0.64%) in 2012. The number of HIV infections was estimated at 64 thousand between 2003 and 2004, but then showed a decline to 53 thousand in 2010, and 51 thousand in 2014. The annual incidence of HIV had an upward trend in 1994, then reached a peak in 2000 (10,000 cases). Subsequently, it decreased slowly and reached 3,700 cases in 2012. HIV prevalence among prisoners has decreased more quickly than any other MARPs (As previously explained, in this scenario FSWs and MSMs were omitted).
The maximum scenario results
According to the Maximum scenario, the prevalence of HIV infection among adults was 0.20% (0.11-1.34%) in 2009 and is expected to be 0.20% (0.08-1.45%) in 2012. The Maximum scenario estimation showed that HIV infection in 2009 was approximately 115 thousand, and is expected to reach approximately 138 thousand by 2014. Since 1991 the annual incidence of HIV has increased, reaching its peak at 17 thousand cases in 2000, then decreasing until 2006, but it has started to increase again and will reach 12 thousand by 2012.
In this scenario there was an upward trend for HIV infection in the general population and MARPs, except IDUs and prisoners. In addition, we expect around 10% of HIV infections in 2014 to belong to FSWs, MSMs and prisoners, whereas approximately 60% of them will occur within the general population.
The first intermediate scenario results (R1)
The estimated trend of HIV infection in R1 scenario was very similar to the Max scenario and the main difference between them was in relation to the estimation of the number of HIV infections. In R1 scenario we estimated 86,000 HIV infections in 2009 and that this would probably reach 109 thousand by 2014.The prevalence of HIV infection among adults was 0.15% (0.08-1.04%) in 2009 and expected to be 0.15% (0.06-1.13%) in 2012. In R1 scenario the annual incidence of HIV has increased since 1994, reached its peak in 2000 (about 14 thousand) and has then declined until 2005. Subsequently, it has started to increase again and will reach 8,469 by 2012. This scenario, like others, predicted that both currently and in the future, most positive cases are among low risk population.
The realistic scenario based on the most valid data (R2)
We estimated the prevalence of HIV infection among adults to be 0.16% (0.08-1.03%) in 2009 and 0.15% (0.06-1.08%) in 2012. The estimated number of HIV infections in 2009 was about 89,000 and will reach 106,000 by 2014 (Figure 1 ). This scenario shows that the prevalence of HIV has had upward trends in MARPs and also within the general population in recent years and will be continuous, except in IDUs. HIV prevalence in IDUs was the highest among MARPs in 2009 (11.04%), but will reduce over subsequent years and for this reason, HIV prevalence among FSWs (9.04%) will be higher than other groups in 2014.
Based on R2 scenario, around 24 percent of HIV Infections occurred in IDUs in 2009, and IDUs as the main High-risk group, had contributed to the increase in the prevalence of HIV infection in the general population via unsafe injection. But it is expected that this proportion will reduce to 9 percent in 2014 and this will be due to the fact that that other High-risk groups will increasingly contribute to the increase of HIV infection via unsafe sex. It is interesting to note that the majority of cases of HIV infection in 2009 occurred among the low risk population (presumably via unsafe sex) and it remained so in the following years, mainly because of the inclusion of a higher proportion of the general population in this group (Figure 2A) .
The number of new HIV infections has had an upward trend since 1990 and peaked between 2002 and 2006  22700  54870  1370  21560  14740  4360  2009  23480  56080  1590  27890  19680  5800  2012  24000  57180  1740  33530  22110  6650 2004, before declining to 6,880 in 2009. It is subsequently expected to increase again (7,790 cases in 2012). However, it should be added, that unfortunately, the confidence limit of the numbers of new HIV infections was quite broad ( Figure 2B ). Estimations have shown that 69.3% of HIV infection occurred among male adults during consecutive years. In addition, 29.1 and 1.6% of HIV infections related to female adults and children under 15 years old, respectively. Furthermore, we have estimated that around 5,800 AIDS-related deaths occurred in 2009 and approximately 27,800 children orphaned in 2009 due to AIDS.
Year

Females>15 Males>15 Children<15 AIDS related orphans Adults needing ART Annual AIDS deaths
Moreover, we have projected that approximately 33,500 children will be orphaned as a result of AIDS in 2012. The number of adults requiring ART in 2012 has been projected at around 22,000 (Table 2) .
DISCUSSION
Although some data is obtainable, such as that of HIV prevalence among pregnant women and blood donors, the prevalence of HIV in the general population is estimated indirectly; direct calculation of the intensity of HIV/AIDS infection in the general population and especially in MARPs is not feasible. Therefore, modelling in all settings, particularly at the concentrated level of epidemics, is one of the best approaches. In our models we estimated that in the best and in the worse scenarios, the prevalence of HIV was between 7.14 and 15.95 (per 10,000 population) in 2010. Although all of our models showed an increasing trend, we do not expect this substantial prevalence increase in future years. However, our models have shown that the distribution of HIV positive cases is moving from IDUs towards the general population, who might contract HIV via casual sexual contact, mainly with FSWs. If health providers are in possession of estimated numbers of HIV positive (old and new) cases, they will be in a position to make evidencebased decisions on services, which could respond to well-defined demands.
Although we did not find a large or sharp surge in the number of HIV positive cases in future years, we cannot completely dismiss the possibility of the risk of an unexpected outbreak. There are real examples from other countries with the same level of epidemic and concentrate level that experienced a rapid increase in the rate of HIV infection, due to the lack of preparation of the health system in providing effective preventive strategies and care (Sawires et al., 2009) .
Based on our results in the R2 scenario IDUs was the most important group in 2009 and therefore prevention programmes should focus on this group. Although, as a result of recent harm reduction programmes in Iran, the incidence of HIV has had a decreasing trend, IDUs are still an important high risk group. The results indicate that in forthcoming years, Iran will still have new cases of HIV infection among IDUs. However, there is an increased optimism that with a well organized plan, high coverage and supportive harm reduction activities, transmission may be halted in this group (Hasnain, 2005) . Iran started harm reduction programmes among MARPs in 2001, which included IDUs, prisoners, and more recently, FSWs. Because of close cooperation between the Ministry of Health, prison department health authorities, judicial authorities, and other interested parties, with regards to drug treatment and HIV/AIDS, the governmental support for the implementation of evidence-based harm-reduction policies has increased (Razzaghi et al., 2006) . Currently, harm reduction programmes; especially safe syringe distribution and Methadone Maintenance Treatment are developing rapidly . There is increasing evidence of the effectiveness of such preventive strategies on transmission via risky injection Rafiey et al., 2009; Farnia et al., 2010) . However, the promotion of condom use and other strategies to decrease unsafe sex have not been as effective as they were among IDUs (Eshrati et al., 2008) .
The second group with high HIV prevalence was FSWs. Although HIV prevalence in this group is lower than IDUs, the increasing trend of HIV prevalence for this group is predicted for forthcoming years. Therefore, this will be one of the core groups in the transmission of the virus to the general population. Although there are no precise estimates of the percentage of men, especially married men, who are clients of FSWs, some studies have indicated that premarital and extramarital sex among Iranian youth has increased (Mohammad et al., 2007) . Some studies estimate that the probability of transmission from an infected woman to a man in one sexual encounter is approximately 0.0007% (taking the 100% male circumcision figure into account, this becomes about 0.0003); from an infected man to a woman it is around 0.0011%. When juxtaposed with STIs, the probability of HIV infection is quadrupled (Ghys et al., 2004; Fleming and Wasserheit, 1999; Gray et al., 2001) . Since a large number of FSWs are mobile and remain hidden, implementing serious harm reduction programmes and expanding drop-in centres (DIC) is extremely important.
Based on our results, it is apparent that IDUs as the main high-risk group have contributed to an increase in the prevalence of HIV infection in the general population via unsafe injection. But, this proportion will reduce in coming years and it needs to be considered that other high-risk group such as FSWs and MSMs will contribute increasingly to the increase in HIV infections via unsafe sex.
Based on data from the routine reporting system in Iran, up to the middle of 2009, 20,130 HIV positive cases were detected. Compared to the output of our models (R2 89,000 estimated cases), we believe that less than a quarter of HIV infections were detected in the routing system. This proportion is much higher in developed countries. For example in the United States, an estimated 1 million to 1.18 million persons are living with HIV/AIDS. It seems that the lower detection case rate is one of the problems in some MENA countries (Pierre-Louis et al., 2004) . Of these, 24 to 27% have undiagnosed disease and are unaware of their HIV infection (Glynn, 2005) . In addition, data from the Health Ministry of Iran has indicated that on average, HIV affected people developed AIDS within five years. It could be concluded that HIV positive cases are detected after a long delay.
Therefore, the lack of reporting of HIV positive detection rates and long delays are two main threats for the spreading of HIV among the population.
Most EMRO countries, including Iran, have young populations and an increase in the age of marriage. Those between the age of 15 and 24 represent approximately one third of the total population of Iran. This young population is prone to contract infection mainly via unsafe sex. In addition, many young people have migrated to other countries for work or study, and because they are far from their family, may engage in risky sexual behaviours. Furthermore, some groups of young people are actively searching for a certain type of freedom, which has subjected them to risky sexual behaviour. Consequently, just as in other countries, the third wave of the HIV/AIDS epidemic has arrived in Iran. However, we believe that a vast improvement can be made, if the current Harm Reduction Programmes for certain high-risk groups such as FSWs and IDUs are purposefully implemented (DeJong et al., 2005) .
Studies in MENA have shown that HIV epidemics appear to be emerging among MSMs in at least a few MENA countries and could already be in a concentrated state among several MSM groups (Ghina Mumtaz et al., 2011) . It is not implausible that Iran is one of them, but due to the lack of valid information regarding this group, and as they are one of the most hidden populations, we are unable to speak with certainty with respect to the epidemic of HIV in this group. Based on specific evidence, HIV epidemic transmission among MSMs in most MENA countries has become apparent only in the last few years (Ghina Mumtaz et al., 2011) . Available evidence indicates that many MSMs in the Middle East and North Africa also have sex with women (Ayodeji et al., 2008) . FSWs and MSMs and their clients may play the role of a bridge across populations in transferring a HIV epidemic from MARPs to the general population. As is obvious from the estimations, this fact should be acknowledged by the main health policy makers in Iran. Efficient advocacy and sensitizing main parties in the Ministry of Health and the other organizations, to prevent the majority of HIV transmission among MSMs is highly recommended.
Our study is prone to certain errors, due to lack of valid data to sufficiently parameterize the model. Also some of the available studies have certain methodological limitations. We have attempted to overcome this limitation by presenting different scenarios. Moreover, in some MARPs (MSM) we had little validated data. As the country is now running several national surveys to fill in the information gaps on HIV prevalence and related risky behaviours among MARPs, there is a good opportunity to check outputs periodically to validate the results of the models for upcoming years. Implementation of several integrated bio-behavioural surveillance surveys and sampling methodologies for hidden and hard-to-reach populations, such as respondent-driven sampling are recommended.
As a conclusion, our models have shown that Iran could find itself at a concentrated level of epidemic in future years, but the main transmission routes are changing, mainly as a result of a change in risky behaviours from unsafe injection to unsafe sexual contact. Therefore, national HIV preventative policy needs to be changed accordingly.
